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Geospatial inequalities and determinants of nutritional 
status among women and children in Afghanistan: 
an observational study
Nadia Akseer, Zaid Bhatti, Taufiq Mashal, Sajid Soofi, Rahim Moineddin, Robert E Black, Zulfiqar A Bhutta
Summary
Background Undernutrition is a pervasive condition in Afghanistan, and prevalence is among the highest in the 
world. We aimed to comprehensively assess district-level geographical disparities and determinants of nutritional 
status (stunting, wasting, or underweight) among women and children in Afghanistan.
Methods The study used individualised data from the recent Afghanistan National Nutrition Survey 2013. Outcome 
variables were based on growth and weight anthropometry data, which we analysed linearly as Z scores and as 
dichotomous categories. We analysed data from a total of almost 14 000 index mother–child pairs using Bayesian 
spatial and generalised least squares regression models accounting for the complex survey design.
Findings We noted that childhood stunting, underweight, and combined stunting and wasting were consistently highest 
in districts in Farah, Nangarhar, Nuristan, Kunar, Paktia, and Badakhshan provinces. District prevalence ranged from 
4% to 84% for childhood stunting and 5% to 66% for underweight. Child wasting exceeded 20% in central and 
high-conflict regions that bordered Pakistan including east, southeast, and south. Among mothers, dual burden of 
underweight and overweight or obesity existed in districts of north, northeast, central, and central highlands (prevalence 
of 15–20%). Linear growth and weight of children were independently associated with household wealth, maternal 
literacy, maternal anthropometry, child age, food security, geography, and improved hygiene and sanitation conditions. 
The mother’s body-mass index was determined by many of the same factors, in addition to ethnolinguistic status and 
parity. Younger mothers (<20 years old) were more underweight and shorter than older mothers (aged 20–49 years).
Interpretation Afghanistan’s rapidly changing political, socioeconomic, and insecurity landscape has both direct and 
indirect implications on population nutrition. Novel evidence from our study can be used to understand these 
multifactorial determinants and to identify granular disparities for local level tracking, planning, and implementation 
of nutritional interventions.
Funding None.
Copyright © The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 4.0 license. 
Introduction
Afghanistan is a low-income, conflict-ravaged nation 
overlapping a geopolitical hotspot in south central Asia 
(figure 1). The diverse social, economic, and environ-
mental conditions of Afghan families are particularly 
crucial to shaping their health and survival. Under-
nutrition is an important composite marker of many 
such factors and has been a long-standing public health 
problem in Afghanistan.2–4 25 times more Afghans have 
been estimated to die every year from undernourishment 
and poverty than from violence. Moreover, about one in 
five Afghan children will not reach their fifth birthday due 
to food shortages or common diseases.2
Data from nationally representative nutrition and health 
surveys in Afghanistan have indicated impressive gains in 
the reduction of child and maternal undernutrition from 
2004 to 2013.3,5,6 Chronic under nutrition leading to low 
height for age (stunting) in children younger than 5 years 
of age decreased from 61% to 43%—reduction of about a 
third—and low weight-for-age children (underweight) 
declined from 34% to 26%.3,5,6 The undernourishment of 
women of reproductive ages dropped to about 9% in 2013.5 
However, progress is not uniform across the country and 
regional inequities remain ubiquitous.6,7 Additionally, the 
pre valence of chronic and acute child undernutrition is 
alarm ingly high—ranking among the highest in the world.4
Malnutrition has long been understood as a geospatial 
problem in Afghanistan;8–10 however, its burden and 
distribution across subprovincial zones is not well 
understood. Partly due to the general lack of data in 
certain remote and insecure regions of the country, the 
few existing studies11–16 have explored only select districts 
or micronutrient deficiencies.
Small area statistics is a common method for over-
coming data sparseness limitations,17–19 and methodological 
advances in its theory and analysis software make these 
methods increasingly accessible. Several empirical 
studies17,19,20 have validated small area estimation models, 
which rely on information from neighbouring or related 
small areas, other correlated dependent variables, or 
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Research in context
Evidence before this study
We did an iterative search of grey literature and published 
peer-reviewed articles indexed in MEDLINE and Scopus from 
Feb 1 to Aug 10, 2017. We considered all studies pertaining to 
nutrition patterns and determinants among children aged 
younger than 5 years and mothers in Afghanistan. Broad 
search terms included the following and their variants 
[“child*” OR “mother”] AND [“nutrition”] AND [“trends” OR 
“determinants” OR “risk factors”]. Only a few previous studies 
assessed anthropometry and micronutrient deficiencies in 
vulnerable populations of Afghanistan, which included a 
2001 study of the Kohistan district in Faryab province and a 
2003 study of two districts in Herat province. One review 
explored micronutrient deficiencies in areas of Kabul, whereas 
subprovincial nutrition surveys were implemented in some 
provinces, including Laghman, Takhar, and Bamyan. We also 
found a 2011 World Bank report on malnutrition 
determinants in Afghanistan; however, the review was largely 
descriptive and was based on older data from the 2004 
National Nutrition Survey (NNS).
Added value of this study
While the 2013 Afghanistan NNS made some attempt to 
disaggregate nutrition status by province, the survey was not 
powered for district-level estimates. In fact, a comprehensive, 
geospatial analysis of undernutrition patterns in Afghanistan’s 
399 districts has not been done before. Moreover, to our 
knowledge, no study has robustly evaluated the immediate, 
underlying, and basic root causes of poor nutritional status 
among women and children in Afghanistan, as guided by a sound 
evidence-based conceptual framework.
Implications of all the available evidence
Unmasking of the geographical variations in nutritional outcomes 
in Afghanistan has much value for local advocacy, policy, and 
programming of nutrition-specific and nutrition-sensitive 
interventions. Afghanistan’s rapidly changing political, 
socioeconomic, and insecurity landscape has both direct and 
indirect implications on population nutrition, and understanding 
of these factors is the first step towards reducing inequalities and 
for accelerating gains in the country’s nutrition profile.
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Figure 1: Map of Afghanistan
Provinces are shaded in different colours. Map is based on the United Nations Assistance Mission in Afghanistan specified regions, from the Humanitarian 
Data Exchange.1
Articles
www.thelancet.com/lancetgh   Vol 6  April 2018 e449
relevant covariate information available from other 
sources to generate reliable estimates for small areas with 
little to no data of their own. Operating through robust, 
cross-validated Bayesian spatial or hybrid models, these 
methods are most commonly used for morbidity and 
mortality estimation in low-income and middle-income 
countries,21–23 and could be exploited in the Afghan context.
Beyond burden estimation, the causes of poor 
nutritional status among women and children in 
Afghanistan have been poorly studied.4 Assessments 
have examined only a handful of potential determinants8–10 
and are now outdated. A thorough and up to date 
evaluation of nutrition patterns and determinants in 
Afghanistan is urgently needed.4
In this study, we explored the geographical disparities 
and determinants of nutritional status of women and 
children in Afghanistan using data from the most recent 
(2013) Afghanistan National Nutrition Survey (NNS).5 
Understanding of the fine geographical variations and 
important causes of maternal and child nutrition is the 
first step towards reducing inequalities. Results from 
this study will have much value for advocacy, policy, and 
programming, especially at district-level, to reduce 
inequities and scale up nutrition-specific and nutrition-
sensitive interventions in Afghanistan.
Methods
Data source and design
The 2013 Afghanistan NNS is the largest, most 
comprehensive nutrition assessment of its kind to be 
done in the country.3,5 Designed to be representative at 
the national and provincial levels, the survey’s aim was to 
provide estimates on various nutritional indicators, 
including anthropometry, infant and young child 
feeding, and micronutrient deficiencies, for women, 
children, adolescent girls, and the elderly in Afghanistan. 
The survey adopted a stratified two-stage sample design 
with the 34 provinces as independent strata. The 
sampling frame and enumeration areas were provided by 
the Afghanistan Central Statistics Office (CSO) from a 
total of 21 194 available enumeration areas. Of these, 
107 (0·5%) enumeration areas were excluded by CSO 
because of security concerns. The enumeration areas 
were taken as primary sampling units (PSUs) and 
households within each PSU were the secondary 
sampling units (SSUs).
An estimated 18 360 households in 1020 enumeration 
areas were targeted (18 households per enumeration area, 
with a total of 30 enumeration areas per province). From 
these, 16 enumeration areas (1·6% of targeting) were not 
surveyed because of various reasons: four clusters were 
inaccessible due to non-availability of Tajikistan visas 
(ie, in Badakhshan province), eight due to security 
concerns (most in Paktia province), three clusters were 
unidentifiable, and one had duplication. However, the 
survey was able to cover all provinces in Afghanistan 
(appendix) and the responses among households 
approached were high, at about 96%. Data collection 
occurred between June and October, 2013. Data were 
collected for 24 348 children aged younger than 5 years 
and 26 901 women of reproductive ages (aged 15–49 years). 
Detailed sample and household descriptive characteristics 
have been published before.5 The only other nutrition 
survey for Afghanistan was done in 2004,24 and although 
the survey was not designed for province-level specificity, 
it was nationally representative. The 2004 NNS was able to 
collect data from 32 (82%) of the targeted 39 required 
clusters (only 35 were required), and the seven clusters 
that could not be surveyed were because of insecurity in a 
few districts of southeastern, east, and northeastern 
regions of Afghanistan. A comparison of these two surveys 
is presented in the appendix.
Outcomes
The specific objectives of our study were to estimate the 
district-level prevalence of nutritional status indicators 
among children (stunting, underweight, or wasting) and 
women of reproductive age (underweight or short stature) 
and to understand the major causes of undernutrition in 
women and children in Afghanistan through exploring a 
range of individual, household, community, and environ-
mental risk factors. Anthropometric information was 
available for 22 158 children aged 0–59 months and 
15 558 women of reproductive ages. We analysed almost 
14 000 mother–child pairs—these index pairs answered 
additional questionnaires and thus provided detailed data 
for analysis. We examined study outcomes in their 
continuous and categorical formulations. For children, we 
calculated Z scores for height for age (HAZ), weight for 
age (WAZ), and weight for height (WHZ) according to 
WHO child growth standards.25 The Z score reflects how 
many SDs below or above the population average a raw 
anthropometry value is. Children were classified as 
stunted, underweight, or wasted if their HAZ, WAZ, or 
WHZ, respectively, was more than 2 SDs below the 
median of the WHO reference population.25 Body-
mass index (BMI; kg/m²) and height (cm) was calculated 
for women of reproductive ages. Women were defined 
as underweight (BMI <18·5 kg/m²), overweight 
(BMI 25–29·9 kg/m²), or obese (BMI ≥30 kg/m²), and 
women with a short stature were defined as having a 
height lower than 145 cm.
Statistical analysis
We calculated district-level estimates of nutritional 
outcomes and key determinants using Bayesian spatial 
models.20,26 Given that some districts in the NNS did not 
have complete data, Bayesian estimations are preferred 
since the inclusion of geographical priors (covariates) will 
aid in stabilising prevalence estimates.20,26 The Bayesian 
spatial model uses district information and additionally 
incorporates spatial associations between geographically 
neighbouring areas to overcome data sparseness and to 
account for between-district spatial associations (termed See Online for appendix
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spatial smoothing).26 Predictive priors from which the 
models borrowed strength included the province, 
percentage of the district living in urban areas, average 
household economic status, food security, and female 
illiteracy, depending on the variable to be estimated. 
Any geospatial estimations for variables to be used as 
predictive priors preceded nutrition outcome estimation. 
We used the Besag, York, and Mollie Bayesian model in 
which cross-district variance is empirically partitioned 
into a spatial component (using a conditional auto-
regressive prior) and a non-spatial component (specified 
using normal distribution).27,28 This formulation of the 
Bayesian model is preferred for disease mapping relative 
to other purely spatial and hybrid Bayesian models.20 
Posterior mean prevalence (ie, postmodelling values) and 
95% credible intervals were estimated for all 399 districts. 
We used the gold-standard K-fold cross-validation 
method20,29 to examine robustness of modelled results. 
This method partitions a simulated dataset into K subsets, 
and sequentially leaves one subset out as a validation 
dataset. For each validation dataset, we used the fitted 
model parameter estimates to predict the missing binary 
Overall Children aged 
0–24 months or 
mothers aged 
<20 years
Children aged 
25–59 months 
or mothers 
aged ≥20 years
p value
Children
HAZ –1·6 (1·9) –1·3 (2·0) –2·0 (1·8) <0·0001
WAZ –1·3 (1·5) –1·2 (1·6) –1·4 (1·4) <0·0001
WHZ –0·4 (1·5) –0·5 (1·5) –0·3 (1·4) <0·0001
Stunting (HAZ SD ≤–2) 5232/12 458 (42·0%) 2842 (37·2%) 2390 (49·7%) <0·0001
Underweight 
(WAZ SD ≤–2)
3731/13 179 (28·3%) 2226 (27·4%) 1505 (29·8%) 0·0035
Wasting (WHZ SD ≤–2) 1437/12 186 (11·8%) 1028 (13·8%) 409 (8·6%) <0·0001
Women
Body-mass index (kg/m²) 23·1 (4·1) 21·7 (3·4) 23·2 (4·1) <0·0001
Height (cm) 155·8 (6·1) 155·3 (6·1) 155·8 (6·1) 0·0515
Underweight 1179/13 749 (8·6%) 88 (15·3%) 1091 (8·3%) <0·0001
Short stature 392/13 749 (2·9%) 26 (4·5%) 366 (2·8%) 0·0147
Data are n, mean (SD), or n (%). We analysed mean differences using Student’s t test and χ² tests of independence used 
for proportions. HAZ=height-for-age Z score. WAZ=weight-for-age Z score. WHZ=weight-for-height Z score.
Table 1: Growth and undernutrition outcomes in the study sample
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Figure 2: Prevalence of child stunting, wasting, and underweight in districts of Afghanistan
Values presented are posterior probabilities of undernutrition indicators estimated from a Bayesian spatial model with covariates; scales might vary across maps. HAZ=height-for-age Z score. 
WAZ=weight-for-age Z score. WHZ=weight-for-height Z score. 
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outcomes. These predicted values were then compared 
with true values to assess model accuracy. We checked 
several measures to assess model performance. Model 
convergence was assessed by graphically examining the 
trace plots of Markov chain Monte Carlo chains for each 
district.30 We calculated the mean square prediction error 
and deviance information criterion to assess overall model 
fit.31 Bayesian analyses accounted for the complex survey 
design and sampling weights, and we did these analyses 
using WinBugs and R software (version 3.4.3). 
To explore the most important causes of poor growth 
and undernutrition of women and children in 
Afghanistan, we analysed crude and multivariable 
adjusted correlates of nutrition outcomes. We used Black 
and colleagues’32 evidence-based conceptual framework to 
map relations between poverty, food insecurity, and other 
underlying and immediate determinants with nutrition 
consequences among women and children. We selected 
individual, household, and community level predictors 
available in the NNS along the various pathways from the 
framework and literature. We mapped these to three levels 
of determinant exposure (distal, intermediate, and 
proximal). Variables assessed included distal level 
(geographical region and household wealth index), 
intermediate level (rurality of residence, food insecurity, 
type of cooking fuel used, and access to improved water 
and sanitation), and proximal level (child’s age and sex; 
and maternal age, education, height, BMI, parity, and 
ethnolinguistic status). We used ethnolinguistic status as 
a proxy of ethnic orientation in this study and it was thus 
considered at the proximal level to capture the genetic 
variation. We entered variables into multilevel linear 
regression models using an adapted tri-level hierarchical 
modelling building approach as proposed by Victora and 
colleagues.33 We examined bivariate associations between 
dependent and independent variables using Student’s 
t test and χ² test of independence. Variables that were 
significantly associated with the outcome at a liberal 
p value of less than 0·20 were considered for multivariable 
model building. We entered these potential correlates 
into backward elimination model building strategies 
at three levels, where variables were retained in the 
model if p was less than 0·15. Multi collinearity among 
selected independent variables was assessed using 
variance inflation factors; variance inflation factors higher 
than 3 were considered suspect for collinearity. Model fit 
was assessed by consulting various diagnostics such as 
graphical conditional studentised residuals and fixed-
effect influence statistics. We used the SAS version 9.4 
survey regression procedures to analyse the NNS sample 
survey data. We computed model β coefficients with 
generalised least squares estimation using element-wise 
regression, and estimated variance-covariance matrices 
via Taylors series linearisation methods. This procedure 
adjusts for the complex survey sample design of NNS, 
including the stratification, clustering, and unequal 
weighting. Type I error rate was set to 0·05 for all analyses.
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Figure 3: Prevalence of underweight, obese, and overweight in women of reproductive age in districts of 
Afghanistan
Values presented are posterior probabilities estimated from a Bayesian spatial model with covariates; scales might 
vary across maps. 
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Results
Children in Afghanistan were on average shorter, more 
underweight, and slightly more emaciated than WHO 
reference child populations (table 1). The children in the 
sample who were stunted, underweight, or wasted were 
disproportionally dis tributed across the country (table 1). 
On average, Afghan women were within the normal 
range for BMI and height (table 1). Stratified analyses 
suggested that older children (aged 25–59 months) were 
more stunted and underweight but less emaciated than 
their 0–24-month-old counterparts (table 1). Younger 
mothers (<20 years of age) were more underweight and 
shorter than mothers between the ages of 20–49 years 
(table 1).
With regards to the posterior probabilities (prevalence) 
of child undernutrition indicators in districts in 
Afghanistan, stunting ranged from 4% in Washer and 
Sangin districts (Helmand province) to 84% in Pushtrod 
and 87% in Shibkoh (Farah province; figure 2). More 
than 50% of children were stunted in 92 (23%) of 
399 districts in Afghanistan, with burden most heavily 
concentrated in districts in the north, northeast, central, 
central highlands, and eastern regions (figure 2). Some 
of the highest burden provinces included Farah, 
Nangarhar, Nuristan, Kunar, and Badakhshan (figure 2).
Underweight prevalence was about 5% or less in most 
districts in Herat, Kabul, Parwan, Ghazni, Ghor, Helmand, 
and Paktika provinces (figure 2). The highest prevalence 
(>40%) was found in districts of Kunar, Nangarhar, 
Badakhshan, Nuristan, and Paktia, where more than 40% 
of children were of a low weight for their age (figure 2). An 
alarmingly high maximum was reached in Mondol district 
in Nuristan where 66% of children have this condition; 
similar burdens are estimated in Kuz Kunar district in 
Nangarhar (59%) and Nari district in Kunar (56%; figure 2).
Childhood wasting ranged dramatically from 1% in 
Kohestan and Khan-e Char Bagh districts in Faryab 
province to 55% in Maydan Shahr in Wardak (figure 2). 
A total of 30 districts had a prevalence of wasting of 
more than 20%, with most located near the Pakistan 
border in the central, east, southeast, and southern 
regions (figure 2).
The joint prevalence of stunting and wasting ranged 
from less than 1% in most districts of Ghor, Paktika, 
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Figure 4: Distribution of education, socioeconomic status, and other key contextual determinants of nutrition among households in districts of Afghanistan
Values presented are posterior probabilities estimated from a Bayesian spatial model with covariates; scales might vary across maps.
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Farah, Ghazni, and Faryab, to almost 10% or greater in 
several districts of Kunar, Nangarhar, Paktia, and 
Nuristan (figure 2). The highest burden was reported in 
districts Nari in Kunar (18%), Sayed Karam in Paktia 
(15%), and Rodat in Nangarhar (13%; figure 2).
The prevalence of underweight women appeared to be 
more prominent in the north and northeast regions and 
central highlands where prevalence exceeded more 
than 15% in many districts (figure 3). The prevalence of 
underweight women in many districts in Badakhshan was 
alarming, reaching almost 30% (figure 3). The highest 
burden districts in the whole country were Chahar Burjak 
in Nimruz (37%) and Dara-e-nur in Nangarhar (41%; 
figure 3). Although more scattered, maternal overweight 
also tracked in the same regions and exceeded more 
than 20% in many districts (figure 3). Obesity among 
women of reproductive ages is less prevalent in the 
country than overweight (average of 4%), although it does 
exceed 10% in 28 districts (figure 3). The burden of obesity 
was clustered mainly in the central and north east regions, 
with a startlingly high prevalence in the Guldara (30%) 
and Mir Bacha Kot (35%) districts in Kabul (figure 3).
Regarding the geographical disparities in key contextual 
determinants of growth and nutrition, most Afghan 
women aged 15–49 years were not educated, with the 
prevalence of illiteracy surpassing 70% across most 
districts (figure 4). Women’s illiteracy was generally 
lowest in the districts of Badakhshan, Kabul, and Hirat 
provinces (<30%; figure 4). Poverty was widespread 
across the country with most districts having more than 
35% of civilians living in the two poorest wealth quintiles 
(figure 4). In 49 districts, more than 80% of households 
were in these impoverished quintiles, and the prevalence 
reached as high as 99% in Du Ab, Waygal, and 
Barg-i Matal districts of Nuristan (figure 4). Poor access 
to improved water and sanitation facilities are also highly 
pressing issues in Afghanistan (figure 4). Less than 
10% of households had improved sanitation facilities in 
districts spanning the entire nation. Although use of 
improved water sources was relatively more common, 
access remained unacceptably low (figure 4).
We also examined study outcomes by socioeconomic 
and literacy variables (figure 5). Childhood HAZ was 
elevated and prevalence of stunting dropped steeply with 
an increase in household wealth and maternal education 
status (figure 5). For instance, stunting dropped from 
50% to 25% across the poorest to the richest decile of 
household wealth, and mean HAZ increased from 
Z scores of about –2·0 to –1·0 (figure 5). Although not as 
strong, similar outcomes were noted for the prevalence 
of childhood WAZ and underweight and women’s BMI 
and underweight (figure 5). Associations between the 
determinants and WHZ or wasting outcomes in children 
and height or low stature prevalence among women were 
comparatively weaker and inconsistent (figure 5).
These findings were further corroborated in the 
bivariate and multivariable statistical models (tables 2, 3). 
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Figure 5: Nutrition and growth indicators by socioeconomic variables among children and women
HAZ, WAZ, and WHZ for children and BMI and height for women were analysed by deciles of household wealth 
quintile and by categories of maternal education. P=prevalence. HAZ=height-for-age Z score. WAZ=weight-for-age 
Z score. WHZ=weight-for-height Z score. BMI=body-mass index. 
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The child’s region of residence and household wealth 
was associated with their HAZ, WAZ, and WHZ (table 2, 
appendix). In multivariable analyses, children from 
richer households were taller, weighed more, and were 
less emaciated (appendix). Children from all regions 
except the south and southeast were shorter than those 
children in the central region, and those children in the 
east and northeast weighed less and were more 
emaciated than children in the central region (appendix). 
Children in the central highlands, north, south, and 
west regions were less emaciated than those children in 
the central region (p<0·05). Childhood exposure to 
varying levels of food insecurity resulted in poorer linear 
growth, lower weight, and lower WHZ in both bivariate 
and multivariable analyses. For WAZ in particular, this 
difference is significant at all levels of food insecurity 
(table 2, appendix). Use of solid fuels compared with 
liquid was associated with lower HAZ, lower WHZ, and 
Height-for-age Z score Weight-for-height Z score
Crude Multivariable adjusted Crude Multivariable adjusted
Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value 
Level 1: proximal
Women’s education
High school 
and further 
education
0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Preschool or 
some school
–0·66 (–1·00 
to –0·32)
–0·11 0·0002 –0·21 (–0·51 
to 0·82)
–0·04 0·16 –0·02 (–0·29 
to 0·25)
–0·00482 0·88 ·· ·· ··
Illiterate –1·00 (–1·34 
to –0·65)
–0·19 <0·0001 –0·37 (–0·69 
to –0·06)
–0·07 0·0201 0·01 (–0·24 
to 0·26)
0·00345 0·91 ·· ·· ··
Language spoken
Pashto 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Dari 0·07 (–0·09 
to 0·23
0·02 0·40 0·15 (–0·01 
to 0·30)
0·04 0·0719 0·04 (–0·07 
to 0·15)
0·01 0·48 ·· ·· ··
Other –0·23 (–0·40 
to –0·06)
–0·05 0·0096 0·11 (–0·7 
to 0·29)
0·0 0·22 –0·00 (–0·11 
to 0·10)
–0·00108 0·94 ·· ·· ··
Parity –0·01 (–0·02 
to 0·00)
–0·03 0·0073 ·· ·· ·· 0·00 (–0·01 
to 0·01)
0·01 0·46 ·· ·· ··
Mother’s age (years)
40–49 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
30–39 0·09 (–0·07 
to 0·26)
0·02 0·27 ·· ·· ·· –0·08 (–0·22 
to 0·05)
–0·03 0·23 ·· ·· ··
20–29 0·19 (0·03 
to 0·35)
0·05 0·0209 ·· ·· ·· –0·12 (–0·25 
to 0·00)
–0·04 0·0540 ·· ·· ··
15–19 0·03 (–0·24 
to 0·30)
0·00 0·83 ·· ·· ·· –0·07 (–0·26 
to 0·12)
–0·01 0·48 ·· ·· ··
Mother’s height 
(cm)
0·04 (0·03 
to 0·05)
0·12 <0·0001 0·04 (0·03 
to 0·05)
0·13 <0·0001 0·01 (0·00 
to 0·02)
0·04 0·0343 0·01 (0·00 
to 0·02)
0·05 0·0012
Mother’s body-
mass index 
(kg/m²)
0·04 (0·02 
to 0·05)
0·08 <0·0001 0·03 (0·2 to 
0·04)
0·07 <0·0001 0·02 (0·01 
to 0·03)
0·07 <0·0001 0·02 (0·01 
to 0·03)
0·06 <0·0001
Child’s age (months)
≥24 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
18–23 –0·13 (–0·26 
to 0·01)
–0·02 0·0597 –0·17 (–0·31 
to –0·02)
–0·03 0·0222 –0·14 (–0·27 
to –0·02)
–0·03 0·0277 –0·15 (–0·28 
to –0·02)
–0·03 0·0246
12–17 0·54 (0·40 
to 0·69)
0·10 <0·0001 0·49 (0·34 
to 0·64)
0·09 <0·0001 –0·29 (–0·40 
to –0·18)
–0·07 <0·0001 –0·31 (–0·42 
to –0·19)
–0·08 <0·0001
6–11 0·90 (0·73 
to 1·07)
0·17 <0·0001 0·84 (0·68 
to 0·99)
0·17 <0·0001 –0·17 (–0·28 
to 0·06)
–0·05 0·0022 –0·24 (–0·35 
to –0·12)
–0·06 <0·0001
0–5 1·12 (0·98 
to 1·26)
0·22 <0·0001 1·06 (0·91 
to 1·21)
0·21 <0·0001 0·01 (–0·14 
to 0·15)
0·00180 0·93 0·07 (–0·06 
to 0·21)
0·02 0·32
Child’s sex
Female 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Male –0·19 (–0·29 
to –0·09)
–0·05 0·0001 –0·18 (–0·27 
to –0·09)
–0·05 <0·0001 –0·13 (–0·19 
to –0·07)
–0·04 <0·0001 –0·14 (–0·21 
to –0·08)
–0·05 <0·0001
(Table 2 continues on next page)
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lower WHZ in bivariate analyses in children, but not 
after adjusting for other factors (table 2, appendix). 
Compared with urban populations, those children 
residing in rural areas had lower HAZ, WAZ, and WHZ 
in bivariate analyses but not after adjustment for 
covariables (table 2, appendix). Poor access to improved 
water and sanitation facilities was associated with lower 
HAZ and WAZ, although only the association with 
sanitation remained in multivariable analyses (table 2, 
appendix). Water quality had no effect on WHZ, and 
unimproved sanitation facilities were associated with 
lower WHZ in bivariate analyses only (table 2, appendix). 
Taller and heavier mothers had children with higher 
HAZ, WAZ, and WHZ in both bivariate and 
multivariable analyses (table 2, appendix). In bivariate 
analyses, children from larger families had lower HAZ 
and WAZ but not WHZ; the associations disappeared 
after adjustment (table 2, appendix). Excluding Dari, 
house holds that spoke other languages at home 
compared with Pashto had lower HAZ in crude analyses 
but not in multivariable adjustment (table 2, appendix). 
Spoken language had no impact on WAZ or on WHZ 
(table 2, appendix). Maternal illiteracy was associated 
with lower HAZ and WAZ, and we noted evidence 
of incremental improvements with higher education 
(table 2, appendix).
Compared with mothers aged 40–49 years, those 
mothers aged 20–29 years had significantly taller and 
less emaciated children (table 2, appendix). However, 
these associations disappeared in multivariable analyses. 
Mothers in other age groups had no effect on child 
anthropometric outcomes (table 2, appendix). Compared 
with children aged 24 months or older, those children in 
younger age groups generally had better HAZ, WAZ, 
and WHZ with evidence of a linear association in 
bivariate and adjusted analyses (table 2, appendix). 
Compared with girls, boys had lower HAZ, WAZ, and 
WHZ (Z scores of about 0·13–0·19), even after 
controlling for covariables (table 2, appendix).
The BMI of women of reproductive age in Afghanistan 
was related to all distal, intermediate, and proximal 
factors we explored (table 3, appendix). Compared with 
the central region, women in all other regions except the 
south weighed less, with those women in the central 
Height-for-age Z score Weight-for-height Z score
Crude Multivariable adjusted Crude Multivariable adjusted
Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value Coefficient Standardised 
β coefficient
p value 
(Continued from previous page)
Level 2: intermediate
Place of residence
Urban 0 ·· ·· 0 0 ·· ·· 0 ·· ··
Rural –0·54 (–0·71 
to –0·37)
–0·12 <0·0001 ·· ·· ·· –0·13 (–0·23 
to –0·02)
–0·04 0·0146 ·· ·· ··
Food security
Food secure 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Food insecure 
without 
hunger
–0·50 (–1·12 
to 0·13)
–0·08 <0·0001 –0·28 (–0·43 
to –0·14)
–0·05 0·0002 0·03 (–0·06 
to 0·12)
0·01 0·51 0·05 (–0·05 
to 0·14)
0·01 0·33
Food insecure 
moderate
–0·38 (–0·55 
to –0·20)
–0·07 <0·0001 –0·11 (–0·29 
to 0·06)
–0·02 0·21 –0·16 (–0·26 
to –0·05)
–0·04 0·0038 –0·10 (–0·21 
to 0·01)
–0·02 0·0658
Food insecure 
severe
–0·50 (–0·64 
to –0·35)
–0·02 0·12 –0·37 (–1·05 
to 0·31)
–0·02 0·29 –0·20 (–0·51 
to 0·98)
–0·01 0·19 –0·13 (–0·43 
to 0·17)
–0·01 0·40
Type of fuel
Liquid 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Solid –0·53 (–0·68 
to –0·38)
–0·12 <0·0001 ·· ·· ·· –0·17 (–0·26 
to –0·07)
–0·05 0·0004 ·· ·· ··
Water quality
Improved 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Unimproved –0·26 (–0·37 
to –0·16)
–0·06 <0·0001 ·· ·· ·· –0·06 (–0·11 
to 0·06)
–0·01 0·55 ·· ·· ··
Sanitation
Improved 0 ·· ·· 0 ·· ·· 0 ·· ·· 0 ·· ··
Unimproved –0·48 (–0·61 
to –0·35)
–0·12 <0·0001 –0·22 (–0·36 
to –0·08)
–0·06 0·0018 –0·10 (–0·19 
to –0·00)
–0·03 0·0428 ·· ·· ··
Full model results including level 3 distal variables (region and household wealth) are in the appendix.
Table 2: Crude and multivariable associations between child anthropometry indicators and their hierarchical determinants
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highlands and north region weighing the lightest 
(appendix). Women from wealthier households were a 
heavier weight (appendix), while those women residing 
in rural areas, with food insecurity, using solid fuels for 
cooking, and having unimproved water and sanitation 
facilities weighed less than their counterparts (table 3, 
appendix). Women with less education and younger 
women had lower mean BMIs, with evidence of linear 
associations (table 3, appendix). Women who had more 
children were a heavier weight (0·13 km/m² with every 
additional child; p<0·0001; table 3). Compared with 
Afghan mothers who spoke Pashto, those Afghans who 
spoke other languages, except Dari, weighed less (table 3, 
appendix). Although slightly attenuated, all associations 
remained statistically significant in multivariable 
analyses, except women’s education and age, which lost 
significance after adjusting for other covariables (table 3, 
appendix). Fewer determinants were related to women’s 
height, and in multivariable analyses, only region, food 
security, access to improved sanitation, and language 
spoken remained (table 3, appendix). Compared with the 
central region, women in central highlands were shorter, 
but those women in the east, south, and southeast were 
taller (appendix). Women who had food insecurity 
without hunger, used unimproved sanitation facilities, 
and who spoke any language other than Pashto were 
shorter compared with their referent groups (table 3, 
appendix).
Discussion
This study is the first comprehensive analysis of the 
geospatial distribution and determinants of nutritional 
status among women and children in Afghanistan. 
We estimated posterior prevalence of anthropometric 
outcomes using Bayesian spatial models with covariates 
for Afghanistan’s 399 districts, and found considerable 
variability across districts and often within the same 
province. Malnutrition of mothers and children were at 
alarming levels throughout the country, and the highest 
burden districts clustered in the central, east, and 
northeastern regions. Linear growth and weight of 
children younger than 5 years old were independently 
associated with household wealth, maternal literacy, 
maternal anthro pometry, child age, food security, 
geography, and improved hygiene and sanitation 
conditions. The mother’s BMI was determined by many 
of the same factors, in addition to ethnolinguistic status 
and parity.
Our findings are consistent with the existing literature8–16 
that recognises malnutrition as a geospatial problem in 
Afghanistan. Our study found that the highest burden of 
childhood stunting, underweight, and combined stunting 
and wasting were consistently in districts in the Farah, 
Nangarhar, Nuristan, Kunar, Paktia, and Badakhshan 
provinces. Gaps between districts ranged from 4% to 
84% for childhood stunting and 5% to 66% for 
underweight. Underweight and overweight or obesity 
were comorbid conditions among mothers in districts of 
north, northeast, and central, and central highlands 
where levels exceeded 15–20%. Evidently, districts in 
the Nuristan, Kunar, and Nangarhar province require 
specialised attention for consistently having the highest 
burden of maternal and child undernourishment in 
Afghanistan. Nangarhar is among the most developed 
and socioeconomically advanced provinces in the country, 
thus a high prevalence of malnutrition in several districts 
is striking and warrants further investigation. The 
government should consider district-specific exploration 
of key determinants and interventions in all high-burden 
areas. Districts with alarmingly high wasting prevalence 
(some exceeded 20%) were in central regions and regions 
bordering Pakistan, including the east, southeast, and 
south. The concurrent conflict and insecurity in these 
regions could be one explanation, particularly since a 
gradient of child emaciation across wealth status and 
maternal education was not evident. The at-risk and 
unsettled migrant populations in these insecure zones 
should be a key focus for humanitarian agencies and 
donors to ensure nutrient-dense food aid, vaccines, and 
sanitation supplies are provided.
Similar to findings in neighbouring Pakistan,21 we noted 
that taller and heavier Afghan mothers had children that 
were also taller, heavier, and had higher WHZ. Although 
the 2013 Afghanistan NNS did not include data on 
prematurity and intrauterine growth restriction, these 
close links between mother and child anthropometry 
are nonetheless suggestive of possible intergenerational 
transmission of malnutrition. Given that a fifth of 
stunting in children younger than 6 months old can be 
explained by intrauterine fetal growth restriction32 and the 
importance of mother–child nutritional links to child 
survival,32,34 the mother’s adolescence to pregnancy period 
could be used as an opportune window for nutritional 
interventions. Surprisingly, maternal age was not 
associated with child nutrition status but was linked to 
the mother’s own anthropometry.
Our data show that adolescent mothers younger than 
20 years old are shorter and more underweight than 
older mothers (aged 20–49 years) in Afghanistan. 
Consistent with literature,35 the phenomenon of 
nutritional depletion—as happens when pregnancy in 
adolescence elicits a competition for nutrition resources 
between the mother and fetus—is clearly evident in 
young Afghan mothers. These increased adolescent 
mother–child nutritional demands lead to further 
malnourishment and stunting of the mother or fetal 
growth restriction, low birthweight, and preterm birth of 
the child.32,34–36 Considering that about a third of all 
pregnancies in Afghanistan occur in adolescence and 
greater parity has been linked to maternal BMI, there is a 
dire need to target these girls for nutritional interventions 
with a variety of platforms (eg, community outreach, 
school, health facility) from early adolescence and 
onwards. Interventions to delay first marriage and 
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pregnancy, such as initiatives to keep girls in school, are 
also crucial and suggest that a multisectoral approach is 
fundamental to effectively targeting nutritional status of 
vulnerable women and children in Afghanistan.3 We also 
noted that older children (aged 25–59 months) had lower 
HAZ, WAZ, and WHZ compared with younger children, 
reflecting the critical importance of nutrition-specific 
and nutrition-sensitive interventions in this age group.3
Previous reports have highlighted the pervasive 
conditions that predispose Afghans to varying degrees of 
food insecurity, poor diet diversity, and infectious disease—
each of which can effect child and maternal nutrition. 
These include differential periods of drought, isolation or 
remoteness, geographical barriers, insecurity, nutritional 
practice, and family behaviour and cultural restrictions, 
among other factors.8–10 The substantial variation in growth 
and weight across geographical regions and ethnolinguistic 
status in our analysis represents the importance of these 
factors in the Afghan context. As we expected, our study 
showed that some of the strongest predictors of increased 
child and maternal nutritional status in Afghanistan were 
greater wealth, maternal literacy, food security, and 
improved hygiene and sanitation conditions. An analysis37 
on populations of disabled people in Afghanistan also 
highlighted the importance of better education and wealth 
status, specifically in how they related to positive perception 
of health-care needs. The link between affluence and lower 
levels of disability, less malnourishment, and higher levels 
of health-care service use has been established in several 
other studies6,7,9,38 on the general Afghan population.
We found that more than 70% of women were illiterate 
in most districts, poverty was extremely high across the 
country, and access to improved water (<10% in many 
districts) and sanitation was unacceptably low through out. 
Although often more challenging to intervene, these 
determinants should be further understood and 
considered in local nutrition policy and programming 
initiatives. Civil society, government, and development 
partners should unite collectively to tackle these 
multidimensional determinants with multisectoral and 
innovative strategies.
Our analysis of the 2013 Afghanistan NNS is robust 
because the survey had large sample sizes, widespread 
population coverage, and the inclusion of extensive 
nutrition indicators from children and women. None-
theless, a few limitations of our study must be considered. 
Sample sizes for few inaccessible or insecure regions 
might be smaller or missing (appendix), and thus these 
district estimates are heavily modelled on the basis of 
information from neighbouring districts. However, we 
used a range of predictive priors including province, 
percentage of the district living in urban areas, average 
household economic status, food security, and female 
illiteracy, as has been suggested and done in previous 
work,22,23,26 and used rigorous statistical cross-validation 
methods to assess model fit—thus we feel confident in 
the reliability of these estimates. Nonetheless, because of 
inherent uncertainty around modelled estimates, district 
prevalence should be used as guidance rather than a 
definitive classification of district rank. Estimated district 
prevalence should be used as point of reference for local 
level discussions and planning. Uncertainty around food 
insecurity indicators might be wider since these 
indicators were only asked about in a smaller subset of 
the NNS sample. We did not have adequate data to model 
several proximal determinants of child nutrition, such 
as infectious disease, breastfeeding, complementary 
feeding, and care seeking behaviour for children—
although these determinants would be clearly important 
to child nutrition in Afghanistan. Furthermore, infor-
mation that would have allowed more objective ex-
ploration of mother–child linkages, including gestational 
age, preterm birth, and birthweight, were also not 
available. Despite these limitations, we believe that the 
key messages and proposed actions emanating from 
these results still hold.
Reporting on Afghanistan’s malnutrition crisis in 
The Lancet Global Health, Varkey and Colleagues4 made a 
strong plea for in-depth research into identification of 
the immediate, underlying, and basic root causes of poor 
nutritional status among women and children in 
Afghanistan. The call came in light of the general lack of 
such information for Afghanistan, and with acknow-
ledgment of the country’s rapidly changing political, 
socioeconomic, and insecurity landscape, which has both 
direct and indirect implications on population nutrition. 
This novel study from the most recent large-scale 
nutrition survey in Afghanistan provides such evidence 
for local level tracking, planning, and implementation of 
nutritional interventions.
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